Osteonecrosis of the femoral head (ONFH) is one of the most common diseases in orthopedics. In this study, we investigated the clinical effects of novel nanoscaled core decompression rods combined with mesenchymal stem cells on the treatment of the ONFH. 12 adult patients with early ONFH (at the stage of Ficat II) received the treatment using the implantation of novel nanoscaled core decompression rods combined with umbilical cord mesenchymal stem cells. The grade of the patients' hip was scored by Harris marking system before and after the surgery, and then paired t-test was done. We assessed the curative efficiency based on the change of the patients before and after the surgery. In particular, the survival rate of femoral head was assessed at 12 months after the surgery. The results demonstrated that according to the standard of Harris Scoring, the average grade of hip joint before the surgery was 54.16 ± 4.23 points while average grade of hip joint at 12 months after the surgery was 85.28 ± 3.65 points. So, the implantation of the novel nanoscaled core decompression rods combined with mesenchymal stem cells had satisfactory clinical effects, suggesting that this implantation should be effective to treat early ONFH.
Introduction
Osteonecrosis of the femoral head (ONFH), which is caused by the interruption of blood supply [1] , is one of the most common diseases in orthopedics [2] , with an average age of occurrence accounts to be 38 years old, and highest incidence rates for young people. At present, total hip replacement is commonly used in the treatment of patients suffering from ONFH [3] . However, it has been reported that prosthetic replacement in young patients with ONFH has a poor durability [4] . Generally speaking, core decompression (CD), electrical stimulation, and vascularized bone grafting are the three most commonly used method for the treatment of early stage ONFH [5, 6] . According to the previous report, surgical core decompression has an excellent treatment effect on the osteonecrosis of hip and knee [7] [8] [9] [10] [11] [12] [13] . Core decompression (CD) is employed in wide treatment of hip osteonecrosis in its early stages (before mechanical failure has occurred) [10, [14] [15] [16] [17] . Owing to the incomplete reconstruction necrotic area by core decompression, the effect of core decompression is not always satisfactory [18] . Moreover, the deficiency of osteoprogenitor cells of the osteonecrotic hip also restricts its implication [19] [20] [21] . Owing to the incomplete reconstruction necrotic area by core decompression, its efficacy still remains to be controversial [10] . It has been reported that if the ONFH cannot be treated effectively and actively, the majority of patients' femoral head will collapse in 2-3 years [22, 23] . Ideal therapeutic procedure should include (1) cleaning the bone lesions as far as possible and (2) implant possessing adequate biological activity and mechanical supporting to avoid early collapse of the femoral head. Recently, bone marrow mesenchymal stem cells (BMSCs) have attracted great attention 2 Journal of Nanomaterials [24] [25] [26] [27] [28] . Due to their ability to differentiate into multiple cell lineages including osteoprogenitor cells, a successful use of BMSC after making a single drill hole into the avascular area in patients who has atraumatic osteonecrosis has been reported [25] [26] [27] [28] [29] [30] [31] [32] .
In this work, we used the implantation of a novel nanoscaled core decompression rod combined with umbilical cord mesenchymal stem cells to cure 12 cases of early ONFH, with complete follow-up for all of them. Their period of follow-up was more than 12 months. The aim of the present study is to investigate the clinical effects of implantation with the novel nanoscaled core decompression rod combined with umbilical cord mesenchymal stem cells on the treatment of early ONFH.
Experimental Materials and Methods

Materials.
The supporting material used in this study was porous nanoscaled core decompression bar from Guona Technology Co. Ltd in Sichuan. The cell therapy center in the first hospital of Hebei Medical University provided the stem cells required for the treatment. Under the situation of acquiring the consent of delivery woman and approval of the ethics committee, we got the umbilical cord mesenchymal stem cells from healthy pregnant women after caesarean in the Department of Obstetrics and Gynecology, the First Affiliated Hospital of Hebei Medical University.
Surgical Method.
The patient lies on the hospital bed, and we anaesthetized patients using the injection of spinal canal. The channel of core decompression was determined under the guide of C-armed fluoroscopy. A 5 cm incision was obtained in the lateral femoral, making the lateral cortical bone exposed. Meanwhile, the hip at internal rotation of 15 ∘ was kept and the guide pin in the perspective along the direction of femoral neck was inserted. The far-end of guide needle reached the center of osteonecrosis of the femoral head, the length of nail was measured using depth gauge, and the dead tissue was removed by using rotary cutter after the reaming of hollow drill (with a diameter of 12 mm), and the taping treatment of the near-end of the pressure relief channel was conducted using tap. Fresh autogenous cancellous bone was collected from intertrochanteric region in the course of decompression process, mixed fresh autogenous cancellous bone, and prepared allogeneic mesenchymal stem cell suspension (5 mL) fully for later use. Nanoscaled core decompression rod was screwed in using a controller, and the tail of decompression rod was embedded in bone cortex slightly. Then, the rest of 5 mL cell suspension was injected into the hollow channel of the decompression rod. Finally, the hollow channel was sealed using gelatin sponge and bone wax in order to minimize the loss of the cells.
Treatment after the Surgery.
The exercises of the patients after anesthesia recovery were guided by researchers. We encouraged patients to expand hip joint and make active flexion and extension and functional exercises. Moreover, there was no restriction on the movement of patients' hip joint under the condition of nonweight bearing. Patients' hip joint was forbidden to load in 2 months after surgery. Some loading could be imposed on the patients' hip joint 3 months after surgery.
Observation and the Evaluation Standard.
The observation was carried out 1, 2, 3, 6, and 12 months after the surgery, respectively. In order to check whether the supporting material had the sigh of loosing or not and the improvement of radiological staging of the ONFH, the picture of front and frog leg position of pelvis was taken. The change of pain and the range of movement of patients' hip were recorded before and after the surgery and the grade of patients' hip was scored using Harris marking system. The evaluation standard of the treatment was collapse of the femoral head or final hip replacement.
Statistical Analysis.
Paired -test was conducted on the Harris score of patients' hip before and after the surgery using statistical software SPSS17.0. < 0.05 indicated that there was a statistical difference.
Results
According to the standard of Harris Scoring, the average grade of hip joint before surgery was 54.16±4.23 points while average grade of hip joint 12 months' follow-up after surgery was 85.28±3.65 points. So the Harris Scoring raised distinctly ( < 0.05). On the basis of Harris Scoring, points from 91 to 100 was excellent level, points from 81 to 90 was relatively excellent level, points from 71 to 80 was good level, less than 70 points was bad level, and the excellent and good rate of points in this group was up to 92.2%.
According to the international osteonecrosis staging criteria of World Bone Circulation Research Association, we made a radiological evaluation on our results. With the obvious collapse of osteonecrosis of the femoral head or final joint replacement as the end point of study, the abscission had never occurred to all the 12 samples in this group over 12 months after surgery. Obvious collapse did not happen to any 12 cases; the survival rate of the femoral head was up to 100% in terms of 12 samples (patients' hip) 12 months after surgery. Of all the 8 patients whose follow-up periods exceed 12 months, the progress of the disease was discovered in only one case in 18 months after surgery, showing the phenomenon of collapse of femoral head, and dynamic observation was temporarily stopped without any other special treatment.
A typical case of patients' hip was analyzed. The patient was male (31 years old). The patients' left hip suffered from pain without any induction factor and his activity was restricted for 1 year. The patient came to see the doctor after his condition worsened for 3 months. The X-ray and CT pictures of patients' hip indicated that it indeed occurred to the left femoral head osteonecrosis (at the stage of Ficat II) (Figures 1 and 2) . Moreover, no obvious osteonecrosis and collapse of femoral head happened after continuous followup of 12 months (Figure 3) . 
Discussion
The Application of Umbilical Cord Mesenchymal Stem
Cells in the Treatment of ONFH. The technology of core decompression for femoral marrow could reduce the internal pressure in the femoral head, thus removing the sclerotic band, creating the new collateral circulations, relieving the pain of the hip joint, and, moreover, completing the repair of femoral head in the end. As with early osteonecrosis of the femoral head, core decompression has been widely recognized as a highly effective manner in surgical intervention. However, throughout all the earlier achievements, some clinical efficacy has been identified in the joint-preserving cure of early osteonecrosis of the femoral head after decades of constant efforts. The of joint-preserving treatment still has obvious limitations, such as poor treatment effect and low efficiency (only 60%-80% in case of short and midterm treatment) for the majority of patients [33] . Through the analysis of the causes, the potential interpretation was that a simple core decompression may not thoroughly solve the problem of rising of bone marrow pressure [34] . It has been proved that stem cells owned multiple differentiation potential and could differentiate into other cells in certain direction under the action of specific cytokines, thus making a difference in the repair of damaged tissue. The application of stem cells provided an entirely new thought to the joint-preserving treatment of early osteonecrosis of the femoral head. At present, transplantation of bone marrow mesenchymal stem cells which combined femoral marrow core decompression has been widely used in joint-preserving treatment of osteonecrosis of the femoral head [35] . Umbilical cord mesenchymal stem cells had the same biological characteristics as bone marrow mesenchymal stem cells and possessed the capability of totipotent differentiation potential in all directions; almost all tissue cells of human body could be differentiated from umbilical cord mesenchymal stem cells. It has been demonstrated that umbilical cord mesenchymal stem cells have excellent osteogenic ability, which is very useful to repair the large segmental bone defect [36] . What is more, umbilical cord mesenchymal stem cells could improve the local blood supply of osteonecrosis of the femoral head and initial effect in the treatment of early osteonecrosis of the femoral head [37] . In this study, umbilical cord mesenchymal stem cells were used as the seed cells in the reconstruction of the femoral head. On one hand, the strong differentiation and proliferation ability of umbilical cord mesenchymal stem cells could improve the bone microcirculation, promote the regeneration of vascular endothelial cells, and ameliorate venous reflux in lesions. On the other hand, intraosseous pressure will be decreased, and the blood supply of the femoral head will be restored and improved, creating favorable environment for newly born bone. In contrast to mesenchymal stem cells derived from bone marrow, the application of umbilical cord mesenchymal stem cells did not involve argument in ethical, social, legal, and other aspects; moreover, the source of umbilical cord mesenchymal stem cells is sufficient, the separation of cells is simple, and the cell viability of cells is powerful. Finally, in addition to lower probability of infectious diseases, umbilical cord mesenchymal stem cells are easier to amplification in vitro; all advantages mentioned above make them perfect for the clinical applications as seed cells.
The Selection of Supports after Core Decompression of ONFH.
Experts and scholars from home and abroad hold the common view that an implant was needed for providing the mechanical support in the area of bone defect to avoid or delay the collapse of femoral head. Moreover, an ideal support should meet at least two key criteria: (1) biological factors, namely, good bone-induced and bone conduction activity are necessary for supports, and bone defect caused by the removal of the necrotic bone residue could be repaired by the implantation of the implant; moreover, the implant should offer the necessary mechanical support for bone formation; (2) biomechanical factors, the implant should provide some mechanical support for femoral head to avoid or delay the collapse of the articular surface of the femoral head [38] . On the basis of these two points, supports commonly used are impaction bone grafting with simple bone tunnel, vasal bone transplantation, implantation of tantalum rod, and so on. The pure impaction bone grafting has been proved to be failed to provide sufficient mechanical support for the cartilage of femoral head. Although vascularized bone grafts could improve local blood supply and promote the formation of new bone, the length of vascular pedicle restricted the movement of hip joint undoubtedly, giving rise to inevitable influence on the recovery of patients' hip after surgery. More importantly, vascularized bone grafts had higher requirements on the microsurgical technique and other disadvantages, such as the difficulty of surgery in the operation and relatively large trauma, limiting their clinical application.
In this study, we selected porous nanocore decompression rod as supporting material, with core decompression rod designed by Guona Technology Co. Ltd, Sichuan. The main components of supporting material are nanohydroxyapatite/polyamide 66 (nano-HA/PA66). Due to the good compatibility and biological activity of nano-HA/PA66, it has gained an excellent effect as a new type of bone substitute material [39] [40] [41] [42] . In comparison with other supporting materials, the molecular and structural characteristics of nano-HA/PA66 not only ensured its good mechanical supporting capability, but also provided incomparable biological activity and bone conduction, which is the biggest advantage of novel nanocore decompression rod [43, 44] . Additionally, the unique design of hollow and porous nanocore decompression rod allows autogenous bone particles to fill in the hollow cavity, favoring the fusion of implant and the bone. Multiporosity of perisporium could also increase the environmental channel for bone graft, creating excellent microenvironment for the growth of new bone.
The Application of Novel Nanocomposites Combined with Mesenchymal Stem Cells in the Treatment of ONFH. Seed cells
and bone scaffold materials are the two major elements of bone tissue engineering. In recent years, some researchers have attempted to form tantalum bars composites containing mesenchymal stem cells to promote the neovascularization of materials [45] . Compared with tantalum metal phase, nano-HA/PA66, as a nonmetal biomimetic material, possesses pore structure mimicking the structure and morphology of natural cancellous bone. The dual culture of external mesenchymal stem cells and nano-HA/PA66 showed that the cell proliferation and cell biological characteristics of mesenchymal stem cells cultured on the nano-HA/PA66 materials are similar to that of mesenchymal stem cells cultured alone, indicating that nano-HA/PA66 materials are beneficial to the growth, bone adhesion, and differentiation of mesenchymal stem cells [46] . More importantly, by means of promoting the formation of new vessels, accelerating the bone transformation, preventing chondrocytes' apoptosis, and finally serving the purpose of promoting the bone repair, the addition of mesenchymal stem cells into nano-HA/PA66 composites has an extremely important significance in treating early revascularization [47] [48] [49] [50] .
Conclusions
In our study, on the basis of core decompression, we organically combined two main elements in bone tissue engineering, cells (umbilical cord mesenchymal stem cells) and scaffolds (nanoscaled core decompression rods), to treat the early osteonecrosis of the femoral head. According to the standard of Harris Scoring, the average grade of hip joint Journal of Nanomaterials 5 before surgery was 54.16 ± 4.23 points while average grade of hip joint 12 months' follow-up after surgery was 85.28 ± 3.65 points. The clinical effect was significant, suggesting that this implantation is effective to treat early osteonecrosis of the femoral head.
